INTRODUCTION {#sec1-1}
============

Schistosomiasis (commonly known as bilharzia) is a neglected tropical disease that affects about 258 million of the world population per annum, most of whom live in the tropical and subtropical regions of the globe.\[[@ref1]\] Despite its high morbidity, the disease is often not incorporated in national health programs of most developing countries as the mortality rate attributed to schistosomiasis is low and occurs after prolonged infection. In Zambia, over two million people are infected with schistosomiasis with children accounting for \>60%.\[[@ref2]\] Two species of *Schistosoma* common in this country are *Schistosoma haematobium* and *Schistosoma mansoni*.\[[@ref3][@ref4]\] The freshwater snails of genera *Bulinus* and *Biomphalaria* serve as intermediate hosts for *S. haematobium* and *S. mansoni*, respectively.\[[@ref5]\] This ties transmission of the disease to places where people and snails (that release cercariae) come together at the same water habitat.\[[@ref6][@ref7]\] Hence, schistosomiasis tends to be commonly found in different communities where contact with fresh water bodies can be a routine and inevitable occurrence.

Schistosomiasis infection can result in severe illness, disability, and death.\[[@ref8]\] Some forms of the disease have also been linked to hepatitis,\[[@ref9][@ref10]\] cancer,\[[@ref11][@ref12]\] and HIV/AIDS.\[[@ref13]\] Chronic schistosomiasis can also lead to renal dysfunction.\[[@ref14][@ref15]\] In addition, inflammation and ulceration in the bladder mucosa lead to hematuria and dysuria,\[[@ref16]\] which may eventually lead to anemia. The disease, even when not associated with other infections, affects the physical and mental development of children and greatly diminishes the strength and production power of adults. It is estimated that the disease lowers the productivity of the population by 33%.\[[@ref17]\]

In Zambia, the Ministry of Health in conjunction with the Ministry of Education, under the Zambia Bilharzia Control Program, has carried out mass treatment of pupils with a single dose of praziquantel, at least once a year in different community primary schools. In Ng\'ombe Compound of Lusaka, the drug was given to the children in 2010, but no posttreatment follow-ups were made to evaluate the effectiveness of the drug. In addition, the sources of schistosomiasis infection (water bodies) were not surveyed. Therefore, we conducted this study to access the prevalence and intensity of urinary schistosomiasis in school-going children in Ng\'ombe before and after treatment with praziquantel. The aim of this study was to observe the trend of urinary schistosomiasis and determine whether the intervention was effective or not.

MATERIALS AND METHODS {#sec1-2}
=====================

The study area {#sec2-1}
--------------

Ng\'ombe Compound is an area of about 0.934 km^2^ and is situated to the Northeast of Lusaka City in Zambia. This area was selected based on the previous history of schistosomiasis infection which was reported to be in the range of 20%--40%.\[[@ref18]\] A census of the population in 2010 reported that the population of Ng\'ombe was 45 733 with a total of 9417 households. Out of this population, 49% or about 22,409 were children below the age of 16 years. Sanitation in this area is poor. The compound is surrounded by the Chamba Valley stream which harbors the snails *Bulinus globosus* that act as intermediate hosts of *S. haematobium*. This 3 km long stream is the major source of water for human activities including recreation activities for children resulting in their exposure to cercarial *Schistosoma*.

Study participants and specimen collection {#sec2-2}
------------------------------------------

Since *S. haematobium* is more common in young age groups, the target population for this study was school-going children below the age of 16 years in Ng\'ombe Compound. Four community primary schools were selected at random. These were Flying Angel, Ng\'ombe PTA, ZOCS, and Presbyterian Schools. Consent was obtained 3 months prior from the parents through the school teachers and assent was obtained from all the children included in the study. Children from grades 1--5 were included in this study. Grades 6 and 7 are usually crucial years for standardized exams; thus, children in these grades were excluded from the study. The children were interviewed to obtain their name, age, sex, distance of home to the stream and water contact activities. The data were recorded on a collection form that was kept confidential. Each child was assigned a number that was written on a clean bottle given to the child. The children were instructed to provide the last portion of their urine to optimize the egg collection. All urine samples were collected before noon. Two drops of 10% formyl saline were added to each urine sample to preserve any *S. haematobium* eggs that may have been present. The urine samples were then transported to the University of Zambia, Biological Sciences laboratory for examination on the same day of urine collection. Diagnosis was based on the detection of eggs of *S. haematobium* in 10 ml of urine specimen. The filtration method described by Mott *et al*.\[[@ref19]\] was used for processing all urine specimens. One microscope slide was prepared from each urine specimen and then examined microscopically at ×10 and ×40 objectives. If positive, the number of eggs in the entire sample of 10 ml of urine was counted and recorded as light infection if \<30, or heavy infection if \>30 eggs.\[[@ref20]\] This study was carried out from 2011 to 2015, after mass treatment with praziquantel in 2010.

Use of epidemiological data {#sec2-3}
---------------------------

Epidemiological data on the prevalence and intensity of *S. haematobium* obtained in 2007\[[@ref18]\] before treatment with praziquantel were used as the baseline for the present study. Prevalence and intensity data during 2007 are presented in [Table 1](#T1){ref-type="table"}.

###### 

Prevalence and intensity of *Schistosoma haematobium* in 2007 in the four primary schools before treatment
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Posttreatment surveys {#sec2-4}
---------------------

Five longitudinal surveys were conducted to obtain basic data on the prevalence and intensity of urinary schistosomiasis, after treatment of all school-going children with praziquantel in the study area. The first survey was conducted in 2011 and was repeated every year up to 2015 to follow up the impact of targeted mass treatment with praziquantel, given to all school-going children by Ng\'ombe Health Centre Workers in 2010. The number of urine samples collected in each year was dependent on the availability of pupils in each school. A total of 1570 pupils (785 females and 785 males), aged 9--15 years, were enrolled for the study from the four schools.

Ethical approval {#sec2-5}
----------------

The study was approved and reviewed by the University of Zambia Biochemical Research and Ethics committee and is in accordance with the Helsinki Declaration of 1975. The parents of children who tested positive for bilharzia were encouraged to take the children to Ng\'ombe Health Center for further testing and treatment.

Statistical analysis {#sec2-6}
--------------------

Data were double entered and analyzed in Microsoft Excel and GraphPad Prism 6 from (GraphPad Software Inc, USA). The Chi-square test was used to compare differences in prevalence rates between males and females. The reduction in prevalence of *S. haematobium* 1 year after treatment was calculated as outlined below.\[[@ref21]\]

Prevalence Reduction = (% baseline prevalence − % prevalence 1 year after treatment/% baseline prevalence) ×100%

RESULTS {#sec1-3}
=======

Prevalence of *Schistosoma haematobium* before mass treatment {#sec2-7}
-------------------------------------------------------------

[Table 1](#T1){ref-type="table"} summarizes the prevalence and intensity of *S. haematobium* infections in 2007 before the intervention. A total of 279 out of 975 or 28.6% (95% confidence interval \[CI\] = 25.8--31.5) of the children were infected. The overall rate of light infection with *S. haematobium* was observed in 237 out of 696 or 84.9% (95% CI = 80.8--89.1) of the infected individuals, whereas 42 (15.1%) were heavily infected. The average prevalence rate in males was higher than in females (*P* = 0.0001 using Chi-square test).

Prevalence of *Schistosoma haematobium* post mass treatment {#sec2-8}
-----------------------------------------------------------

[Table 2](#T2){ref-type="table"} summarizes a summary of age, gender, and prevalence of *S. haematobium* from 2011 to 2015, in school-going children from Ng\'ombe Compound after receiving treatment with praziquantel in 2010. The prevalence rate reduced to 20.3% with 95% CI = 15.8--24.8 (63 out of 310) after treatment but began to increase steadily and up to 38% with 95% CI = 32.9--43.1 (113 out of 217) in 2015. The average prevalence rate was 31.5% with 95% CI = 29.2--33.8 (494 out of 1570) for *S. haematobium* form. When stratified by gender, the overall prevalence of *S. haematobium* was higher in males than in females \[[Table 2](#T2){ref-type="table"}\]. Using Chi-square test at probability 0.05, there was a statistical significance difference in infection rates between males and females for the years 2011 (*P* = 0.004), 2012 (*P* 0.001), and 2015 (*P* = 0.001). However, in 2013 (*P* = 0.068) and 2014 (*P* = 0.895), the difference in infection rate between males and females was not statistically significant.

###### 

Prevalence of *Schistosoma haematobium* infection in four community school children after treatment with praziquantel
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Intensity of *Schistosoma haematobium* {#sec2-9}
--------------------------------------

[Table 3](#T3){ref-type="table"} summarizes the intensity of infection with *S. haematobium* posttreatment. Light infection was observed in 374 of the 494 (75.5% with 95% CI = 72.1--79.7) infected children, whereas 120 (24.3% with 95% CI = 20.5--28.1) had egg counts \>30 eggs per 10 ml of urine and were categorized as heavy infections. A number of light infection cases were higher than cases of heavy infections throughout the 5-year period, as depicted in [Table 3](#T3){ref-type="table"}.

###### 

Intensity of *Schistosoma haematobium* infection in four community school children after treatment with praziquantel
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DISCUSSION {#sec1-4}
==========

This study revealed varied rates of both prevalence and intensity of infection with *S. haematobium* from 1 year to another. Administration of praziquantel in 2010 resulted in the prevalence reduction of only 29% the following year. However, the prevalence rate increased after 2011 up to 38% in 2015, closely resembling the prevalence rate at baseline (28.6% in 2007). These results suggest that a single dose of praziquantel was not sufficient to maintain low levels of schistosomiasis over a long period of time. A study in Yemen also reported that treatment with praziquantel alone was not sufficient to significantly reduce the prevalence of *S. haematobium* in endemic areas.\[[@ref22]\] In addition, another study observed that yearly chemotherapeutic intervention did not dramatically change the prevalence nor the intensity of infection in many countries in Sub-Saharan Africa.\[[@ref23]\]

Similar to what was reported in Ghana,\[[@ref24]\] Ethiopia,\[[@ref25]\] Nigeria,\[[@ref26]\] Benin,\[[@ref27]\] and Senegal,\[[@ref28]\] our study revealed that boys are more commonly infected than girls of the same age. This observation may perhaps be explained by the greater mobility of males. Boys who are mobile, for reasons relating to their pastime, will frequently encounter *S. haematobium* cercariae more than girls. Thus, the females will be less intensively exposed to infection and will have virtually less numbers of schistosome worms.

The intensity describes the parasitic load and can be measured by the number of eggs excreted. It is considered to be directly related to the morbidity of schistosomiasis.\[[@ref29]\] Before treatment with praziquantel, the overall rate of light infection was much higher than that of heavy infection. This means that a low proportion of children were carriers of heavy load. This trend is common in many studies\[[@ref30][@ref31][@ref32]\] although a few studies\[[@ref33][@ref34]\] reported instances where carriers of heavy infection were significantly higher than carriers of low infection. Five years after mass treatment, the overall rate of light infection reduced, whereas the rate of heavy infection increased. This indicates that a relatively higher proportion of children became carriers of heavy infection after treatment with praziquantel, suggesting that one-time chemotherapy might shift intensity of schistosomiasis. Taken together, our results indicate that reduction of transmission by short-term chemotherapy alone seems to be very difficult to achieve.

As the Chamba Valley stream offers the only available source of water, the local population of Ng\'ombe, including children, is all potentially exposed to infection. *Bulinus* (*Physopsis*) *globosus* snails which act as intermediate hosts have been found in Chamba Valley stream at several points.\[[@ref18]\] The transmission of urinary schistosomiasis could be introduced into the stream by other infected nonschool-going children in the community who were not treated at Ng\'ombe Health Centre. This could happen through their water contact activities such as swimming. Thus, the discharge of more new eggs of *Schistosoma* parasite, especially from those with heavy infection, would infect existing snails that then shed more cercariae, which in turn reinfect even the previously treated school children. Rapid reinfection could be responsible for increasing the prevalence rate and carrying the intensity rate after treatment. Indeed, the re-infection rate for schistosomiasis in the children sampled from Ng\'ombe compound was as high as 44% in 2012. This suggests that close to half of the children that get treated may still contract the disease by the following year. However, caution may be applied in interpreting this reoccurrence rate since several studies have shown that praziquantel rarely achieves a 100% cure rate.\[[@ref35][@ref36][@ref37][@ref38][@ref39]\] Therefore, some cases that were counted as re-infections may be old cases of schistosome infection from the previous years.

Generally, two or more egg counts improve the estimation of the prevalence and intensity of infection when the filtration method is used. However, due to limited resources, single egg counts were used to estimate the prevalence and intensity of *S. haematobium*. Therefore, it is possible that burden of urinary schistosomiasis, especially light intensity of infection, in Ng\'ombe Compound may be higher than what we have reported in this study. Future studies would include analyzing the immunology cell profile of children who have been treated with praziquantel more than once in this population. This would greatly contribute to the understanding of re-infection of schistosomiasis in endemic areas.

CONCLUSION {#sec1-5}
==========

As long as transmission continues, chemotherapy would have to be repeated indefinitely. Complete eradication of schistosomiasis may be next to impossible, provided poor sanitary conditions persist, but control can significantly reduce the prevalence rates. Ideally, every re-infection should be treated at a community level; this is obviously costlier and may not be realistic. Although chemotherapy is considered as a measure for reduction of human morbidity in Schistosomiasis, it is certainly not the only public health intervention of value. Control of Schistosomiasis requires an integrated approach with the use of health education, water supply, sanitation, and focal mollusciciding, which are all important components of Schistosomiasis control.
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